Mouse Chromosome 7 contains a cluster of genes encoding functional mono ADP-ribosyltransferases (ART) expressed on the surface of T cells [1] . These enzymes are capable of catalyzing the hydrolysis of nicotine adenine dinucleotide (NAD) into ADP-ribose and nicotinamide [2] , and the transfer of the ADP-ribose moiety onto arginine residues of T-cell surface molecules associated with transmission of activation signals or with adherence [3] . One of these genes, designated Art1, was initially cloned from YAC1 cells and represents a mouse ortholog of a gene cloned from rabbit skeletal muscle [4] . A tandem duplication of another mouse Art gene tightly linked to Art1 and now designated Art 2 a and Art2 b represents mouse orthologs of the single rat gene en- Diabetologia (2001) 
coding the RT6 alloantigen [2, 5] . In both genera, ART2/RT6 is a differentiation antigen expressed on a small percentage of the most mature thymocytes and on resting peripheral T cells [6] .
Studies correlating the immunoregulatory potential of T cells in lymphopenic and non-lymphopenic stocks of BB rats with RT6 expression suggest that ARTs could mediate important immunoregulatory functions in the control of autoimmune, T-cell mediated Type I (insulin-dependent) diabetes mellitus [7] . In peripheral T cells of most rat strains, the molecule is expressed on approximately 70 % CD8 + and 50 % CD4 + cells [7] . T-lymphopenia in diabetesprone BB rats, however, is characterized by a dearth of ART2/RT6-positive T cells. Diabetes-resistant BB-DR/Wor rats have normal numbers of circulating ART2-positive T cells but will become diabetic after monoclonal antibody (mAb) depletion of ART2/ RT6-positive T cells coupled with stimulation of the ART-negative population with Kilham rat virus or poly I:C challenge [8] . Co-transfer of ART2/RT6-positive T cells from non-lymphopenic BB-DR rats prevents adoptive transfer of Type I diabetes by ART2/ RT6-depleted DR-derived T cells into athymic MHC compatible recipients [9] .
Mouse T cells stimulated in vitro in the presence of NAD, the ART substrate, have reduced proliferation, IL2 secretion, and killing function. This inhibition was associated with ADP-ribosylation of LFA1, CD8, CD27, and CD43±45 [10] . Type I diabetes-prone NOD mice differ from T-lymphopenic BB rats in that excessive numbers of mature non-obese diabetic (NOD) T-cells emigrate from the thymus and stably populate the periphery (ªT-lymphoaccumulationº). Initial northern blot analysis of ART2 mRNA concentrations in NOD/Lt showed that although the genes were expressed in the early post-weaning period, lower mRNA concentrations were observed in T cell-enriched NOD/Lt spleens as compared to the related NON/Lt strain [11] . Recently, gene gun immunization of rats with Art2b cDNA generated a panel of mAb against the protein product designated ART2.2 (the product of the Art2 a locus is ART2.1, but no mAb have been generated yet). Using one of these mAb, Nika 102, we found that ART2 marked a small number (1.5 %) of the most mature CD4 or CD8 single positive thymocytes [6] . Using flow cytometry to assess ART2.2 expression on T cells from adult NOD/ Lt mice, we found that 30 to 40 % of splenic CD4 + cells and 70 to 90 % of CD8 + cells expressed this antigen on their surfaces, comparable to percentages observed in non-Type I diabetes-prone C57BL/6 J and C57BLKS/J strains [6] . This antigen apparently marked resting T cells in the periphery, since activation elicited rapid metalloprotease-mediated shedding with the same kinetics exhibited by another surface marker, L-selectin [6, 12] . This shedding was inversely correlated with induction of CD25 (IL2R) expression [6] . Islet autoreactive NOD T cells shed ART2.2 within 2 h after T cell receptor cross-linking or activation of protein kinase C by phorbol ester [12] . Activated T cells that had shed ART2.2 were markedly less sensitive to ADP-ribosylation.
In this study, we report the expression of the ART2.2 antigen on splenic, peripheral blood and islet-infiltrating T cells in the natural history Type I diabetes development and after acceleration of the disease by cyclophosphamide (CYP). We show that cytolytic function of NOD islet-reactive cytoxic T cells (CTL) can be diminished by pretreatment with NAD at concentrations as low as 1 mmol/l. We further compare ART2.2 expression to that of CD38, a ubiquitously-expressed NAD catabolizing enzyme that produces nicotinamide, cyclic ADP-ribose (cADPR), and ADP-ribose. Unlike ART2.2, CD38 is not shed upon T-cell activation and could represent a strong competitor of ART for binding to the NAD substrate [13] . The results to be presented suggest that ART ectoenzymatic activity could potentially be used as a means of controlling the activation and cytotoxic function of islet-reactive T cells.
Materials and methods
Mice. NOD/Lt, NON/Lt, NOR/Lt, NOD/LtSZ.CB17Prkdc scid ) (denoted here as NOD.scid), and C57BLKS/J (BKS) mice were bred in our research colony at The Jackson Laboratory (TJL). C57BL/6 J (B6), CBA/J, BALB/cByJ, and NZW/LacJ mice were obtained from the Animal Resources Unit of TJL. A stock of NOD mice doubly transgenic (Tg) for the rearranged Va8 Vb2 T-cell receptor (TCR) of a diabetogenic CD8 + T-cell clone (here designated NOD.AI4 abTg) were kindly provided by Dr. D. Serreze at TJL and are described elsewhere [14] .
Antibodies. Rat anti-mouse ART2.2 monoclonal antibody (Nika 102) was purified from hybridoma culture supernatants and was used for immunohistochemistry (unlabelled) and flow cytometry (FITC-conjugated). Mouse anti-etheno-NAD monoclonal antibody 1G4 [15] , kindly provided by Dr. R. Santella, Columbia University, New York, N. Y., USA, was used to assess the degree of T-cell surface mono-ADP ribosylation [12] . Goat anti-mouse Ig antibody conjugated to fluorescein isothiocyanate (FITC) or phycoerythrin (PE) were from Fisher Scientific, (Pittsburgh, Pa., USA). Fluorochrome-conjugated anti-mouse CD3e (145±2C11-FITC), CD8 [53±6.72 conjugated with phycoerythrin (PE) or allo-phycocyanin(APC)], CD25(7D4-FITC), CD19 (1D3-FITC) and CD38 (90-PE) were purchased from Pharmingen (San Diego, Calif., USA). GK1.5 (anti-CD4) was conjugated with Cy3 using a commercial kit (FluoroLink Cy3 Reactive Dye; Amersham, Piscataway, NJ., USA) or purchased as an APC conjugate from PharMingen. Hamster anti-mouse CD3e was purified from 145±2C11 hybridoma supernatant (ATCC, Rockville, Md., USA) and was used at 2 mg/ml for T-cell activation in vitro. Rat anti-mouse CD45R/B220 (clone RA3±6B2) was purified from culture supernatant and used for B-lymphocyte depletion by BioMag magnetic beads coated with goat anti-rat IgG (PerSeptive Diagnostics, Cambridge, Mass., USA) Isolation of splenic, peripheral blood, and islet lymphocytes. At the indicated timepoints, mice were killed by cervical dislocation and spleens were aseptically removed and meshed through a Nitex sieve (Tetko, Kansas City, Mo., USA). Red blood cells were lysed and the nucleated cells washed and counted. For B-lymphocytes depletion, spleen cells were resuspended at 4´10 7 per 0.5 ml PBS and incubated on ice with 50 mg anti-B220 mAb for 45 min. Then the cells were washed, incubated with BioMag goat anti-rat IgG suspension and separated on the BioMag separator (Advanced Magnetics, Cambridge, Mass., USA) according to the manufacturer's instructions. Blood was obtained by cardiac puncture. For islet-infiltrating lymphocytes, pancreatic islets were isolated by the intraductal collagenase technique as previously described [16] and dispersed by gentle pipeting into a single cell suspension in non-enzymatic dissociation buffer (Sigma, St. Louis, Mo., USA). Flow cytometrie. Cells (10 6 ) were stained with pre-titrated antibodies in PBS containing 1 % BSA and 0.05 % sodium azide at 4 C for 30 min, washed and analysed on the FACScan (Becton Dickinson, Mountain View, Calif., USA). Dead cells were excluded by propidium iodide gating. Per cent positive cells were calculated using CellQuest software. Multichannel flow cytometry was used to compare the levels of CD25 and ART2.2 expression on T cells from 3 to 7-week-old mice (FACS caliber flow cytometer. Becton Dickinson, Mountain View, Calif., USA): Samples were stained with anti CD25-PE conjugate, anti ART2.2-FITC, and anti-CD4 and anti-CD8 (the latter two reagents both conjugated to APC). The anti CD8-APC conjugate was used at a more dilute concentration to resolve the CD8 + population between the unstained and CD4 + -APC populations. To obtain the correct dilutions of these antibodies each was titrated using NOD spleen and plotted in histogram format using CellQuest. The dilutions of the antibody lot used in this experiment were 1:128 for the anti CD4-APC conjugate and 1:600 for the anti CD8-APC conjugate with the anti-CD8 having the lower mean fluorescence.
Histology. For immunohistochemical evaluation of ART2.2 in the pancreas, snap-frozen pancreata were sectioned at 8 mm thickness, acetone-fixed (10 min at RT), air-dried, and washed with PBS. Endogenous peroxidase was blocked using a peroxidase blocking reagent (DAKO Carpinteria, Calif., USA) for 10 min. A commercial kit using biotinylated rabbit anti-rat Ab and streptavidin-HRP with DAB development was used according to manufacturer's instructions for immunodetection of Nika 102 binding (rat ABC kit, Vector Laboratories, Burlingame, Calif., USA). Non-specific staining was blocked using normal rabbit serum, and controls omitting the primary antibody were included. Primary antibodies were added [either Nika 102 (5 mg/ml) or irrelevant AA4.1 (for negative IgG2 b isotype-matched control)] and slides incubated overnight at 4 C. Slides were counterstained with Mayer's haematoxylin and mounted. For evaluation of insulitis and insulin content, Bonin's fixed paraffin-embedded pancreatic sections (3 nonoverlapping sections at 300 mm intervals, containing 25±40 islets/specimen) were stained with aldehyde fuchsin and counterstained with haematoxylin-eosin. The scoring system for insulitis was 0 for no islet-associated lymphocytes, 1 for peri-insulitis, 2 for penetrating infiltrate affecting less than 30 % of the islet-area, 3 for insulitis affecting more than 30 % of the islet area, and 4 for end-stage islets with few or no granulated beta cells.
Effects of NAD in vitro.
To study the effects of NAD on polyclonal T-cell activation, spleen cells were cultured in MEM alpha medium containing Glutamax and gentamycin (Life Technologies) and 10 % FCS (HyClone, Logan, Utah, USA) with or without anti-CD3 Ab. Nicotine adenine dinucleotide was dissolved in complete medium at final concentrations of 0.1 to 100 mmol/l. After incubation for 18 h, the cells were washed and triple-stained for CD4, CD8 and CD25 and analysed by flow cytometry. To test the influence of NAD on T cell-mediated killing of islet cells, 5´10 5 spleen cells from NOD.AI4 abTg mice [14] were added to 10 4 Cr 51 -labelled NOD.scid islet cells for 18 h in the presence of 0.1±10 mM NAD. Supernatant radioactivity was measured using the Wallac Wizard 1470 gamma counter (Wallac Oy, Turku, Finland), and per cent specific lysis was calculated using the formula:
% specific lysis = 100´(cpm exp ±cpm spont )/(cpm total cpm spont ), where cpm spont is Cr 51 release in the absence of spleen cells and cpm total is release in the presence of 10 % SDS.
Mono-ADP ribosylation of T cells. Whole spleen cells or B lymphocyte-depleted preparations (87±92 % T cells) were incubated with 100 mmol/l etheno-NAD (Sigma) for 20 min at 37 C in MEM alpha medium, washed, stained with 1G4 mAb followed by goat anti-mouse Ig-FITC or PE and analysed by FACS. To study the effects of T-cell activation on ADP-ribosylation, cells were from B lymphocyte-depleted preparations were incubated for 2 h with PMA (10 ng/ml) and calcium ionophore A23 187 (CaI, 500 ng/ml) (both from Sigma) and washed before adding etheno-NAD.
Statistics. Significance of differences was assumed at a p value of less than 0.05 by a Student's t test (two-tailed) or Wilcoxon signed rank test.
Results
Delayed ontogeny of ART2.2 expression in NOD mice. We have previously reported that peripheral T cells of adult NOD/Lt mice, unlike those of BB-DP rats, contain numerous ART2.2-positive cell of both CD4 and CD8 subset [6] . However, this finding was at variance with our earlier finding of low ART mRNA concentrations in spleen of young NOD/Lt mice [11] . To assess whether NOD/Lt mice had strain-specific anomalies in developmental regulation of the ART2.2 ectoenzyme, we compared the ontogeny of ART2.2 antigen expression on splenic T cells from NOD mice with the related, but Type I diabetes-resistant NOR/Lt and NON/Lt strains, as well as the NOR/Lt-related BKS strain. As shown in Figure  1 expression of ART2.2 in both T-cell subsets of all strains showed an age-dependent increase. However, NOD females maintained much higher numbers of ART2.2-negative CD4 and CD8 T cells over the peripubertal period when compared to the related control rats (NON/Lt and NOR/Lt) and also when com- The transiently reduced percentages of ART2.2-positive splenic T cells in NOD mice during the early peripubertal period were accompanied by a NOD strain-specific upregulation of CD25 (IL2 receptor B-chain) when ART2.2 percentages were reduced (Fig. 2) . This is the age at which the first accumulation of lymphocytes in islets is reported [17, 18] . Four color staining of NOD/Lt T cells showed that it was predominantly the CD4-positive T cells ( > 90 %) that were expressing CD25. At the 4 week time point, 15 % of the total CD4-positive population expressed CD25. The majority of these (78 %) were ART2.2-negative.
Differential expression of ART2.2 in the periphery versus in islet infiltrates. In organ-specific autoimmune diseases like Type I diabetes, T cells in the insulitis lesion would be presumed to contain a higher proportion of activated cells than in spleen or peripheral blood because the former are immediately involved in the autoimmune destruction. To examine whether reduced ART2.2 expression might be a surrogate marker for tracking autoreactive T cells in NOD, we did a longitudinal analysis of ART2.2 expression on T cells from spleen, peripheral blood, and islet-associated lymphocytes. The per cent of ART2.2-positive T cells was highest in the spleen (Fig. 3) . A lower percentage was observed in blood, and a considerably smaller and highly-variable percentage of ART2.2-positive T cells was isolated from islets ( Fig. 3) . (or non-expression) of the ART2.2 ectoenzyme, then it would be anticipated that reduced ART2.2 expression should correlate with CYP-accelerated diabetogenesis. Cyclophosphamide induced a severe transient lymphodepletion seen early after its administration, which was followed by a rapid repopulation of the spleen (Fig. 4A) , so that the absolute T-cell numbers were restored by day 8 after a single injection. However, the absolute numbers of ART2.2-positive CD4 and CD8 T cells in spleen remained low even until the day 15 timepoint (Fig. 4, B±C) , indicating that the repopulating spleen contained an activated population of ART2.2-negative T cells. During this period of markedly reduced ART antigen expression, a progressive increase in the severity of insulitis was observed in the CYP-treated group compared with the controls (Fig. 4, D) . In the group of three males aged to the 21-day timepoint, two had developed glycosuria. FACS analysis of ART2.2 + T cells associated with islets of PBS-treated controls at the day 5 timepoint indicated 23.8 % positive cells versus only 1.5 % positive in T cells from CYP-treated males. Because total numbers of ART2.2-positive islet-infiltrating lymphocytes estimated by FACS analysis were low even in unmanipulated mice, we studied the effects of CYP on ART2.2 expression in the lesion by immunohistochemistry. As shown in Figure  5 , CYP administration was associated with a dramatic loss of ART2.2-positive T cells in the islet infiltrate at day 5 after CYP treatment, the intensity of staining slowly increasing only from day 8 onward. This down-regulation of ART2.2 expression in the spleen and in the pancreas could reflect increased numbers of activated T cells due to a more efficient antigen presentation or it could result from a preferential depletion of regulatory T cells by CYP, as suggested previously [20] .
T-cell activation and cytotoxicity in vitro is inhibited by NAD. The high proportion of ART2.2-positive T cells in spleens of unmanipulated NOD adults raises the question of whether ART2.2 enzymatic properties (e. g., ADP-ribosylation) can modulate immune responses. We first assessed differences in CD25 upregulation in an in vitro system wherein splenic T Fig. 3 . ART2.2 expressions on T cells from different anatomic compartments of pre-diabetic NOD mice. Splenic and PBL from three mice per sex and age group were stained and analysed. Islet-infiltrating lymphocytes had to be pooled from a minimum of five mice per donor group due to low cell yields. Data are means SE for splenocytes and PBL, while islet lymphocyte data are from one serial experiment. Absence of data points in the lower panels indicate that the per cent of ART2.2-positive islet-infiltrating T cells was not calculated due to the low number of total events ( < 100). cells were polyclonally activated by anti-CD3 mAb in the absence or presence of NAD, the ART2.2 substrate. For that, we used total spleen cells from ART2.2-expressing B6 and NOD/Lt mice, as well as from NZW/LacJ mice, which do not express ART2.2 due to a defect in their Art2 b gene [21] . As shown in Fig 6 , inhibitory effects of NAD on CD25 up-regulation were detectable at concentrations as low as 1 mmol/l. A concentration higher than 10 mmol/l (resulted in increases (p < 0.01) in dead cells as assessed by propidium iodide staining. T cells from ART2.2-deficient NZW mice were less sensitive to inhibition by low concentrations of NAD. We then tested the effects of 10 mmol/l NAD on activation of islet-reactive CD8 T cells isolated from the spleens of NOD.AI4 abTg mice [14] . The majority (95 %) of CD8 cells in these transgenic mice express the TCR from the islet-derived AI4 CTL clone. AI4 T cells are H2-K d -restricted and recognize an undefined beta-cell antigen; they will lyse 51 Cr-labeled NOD.scid islet cells [14] . When freshly isolated from spleen and without exposure to their cognate antigen on isolated NOD.scid islets in vitro; these naive NOD.AI4 abTg T cells expressed ART2.2. When cocultured with NOD.scid target islet cells in the presence or absence of 10 mmol/l NAD, CD25 induction on the CD8 fraction was inhibited 28 % by NAD (data not shown). To test whether NAD suppression of CD25 upregulation retarded the effector function of these CTL, we analysed islet cell cytolysis mediated by NOD.AI4 abTg T cells in vitro in the presence of NAD. In this CML assay, splenic AI4 T cells retained expression of ART2.2 during the 18 h coculture period with islet cell targets, suggesting that the function of the T cells can be modulated by NAD. When NOD.AI4abTg spleen cells were incubated with Cr
51
-labelled islet cells in the presence of NAD, specific lysis of the islet cells was markedly inhibited at NAD concentrations of 1 mmol/l or more (Fig. 7) . Of note, spontaneous lysis of islet cells was not affected by NAD within the tested concentration range, indicating the absence of non-specific NAD cytotoxicity.
CD38 expression on splenic T cells. The inhibitory effects of NAD on activation and killing in vitro raise the question of whether other NAD-utilizing ectoenzymes might be involved in this process. Using thin layer chromatography to separate products, we found that incubation of NOD/Lt spleen cells with 32P-labelled NAD generated large quantities of ADP-ribose, suggesting that NAD hydrolysis is is a major biochemical event when unsorted populations of splenic leukocytes are studied This could be mediated by CD38, a ubiquitously-expressed NADase that is generally expressed at higher concentrations (mean flourescence intensity) on B lymphocytes than on T cells. We therefore compared the expression of CD38 on T and B lymphocytes from NOD and other mouse strains. No significant difference between NOD and other strains in CD 38 expression on B lymphocytes was observed; however, NOD and NOR showed increased CD38 staining intensities on CD4 and CD8 spleen cells compared to those from BKS, CBA/J, and BALB/cByJ mice (Fig. 8) . Thus, expression of CD38 on NOD/Lt T cells was relatively higher than in other unrelated strains. Among the NOD-related strains tested, NON/Lt had the highest proportion of CD38 high T cells, followed by NOR/Lt, with NOD mice having the lowest proportion (data not shown). 
Mono-ADP ribosylation of T Cells is inhibited in the presence of B lymphocytes and upon T-Cell activation.
To test whether CD38 high B lymphocytes could affect mono-ADP ribosylation mediated by ART2.2 and others ARTs, we incubated spleen cells with etheno-NAD and stained them wit 1G4 mAb which recognizes etheno-ADP-ribosyl moieties [12, 15] . As shown on Figure 9 , ADP-ribosylation was more effective in B-lymphocyte-depleted spleen cell preparations (panel C). In whole spleen cells containing up to 50 % B lymphocytes, T-cell staining by 1G4 was reduced, suggesting that CD38 high B lymphocytes hydrolyze etheno-NAD, thereby decreasing availability of the common NAD substrate for ARTs (Fig. 9B) . Loss of ART2.2 expression induced by activation with PMA + calcium ionophore was associated with the loss of 1G4 staining [compare high ART2.2 expression (Fig. 9D) and etheno-ADP ribosylation (Fig. 9E ) on unactivated T cell subsets versus concomitant loss of ART2.2 and markedly reduced etheno-ADP ribosylation following activation ( Fig. 9G and H respectively) ]. These results indicate that other ARTs that might contribute to mono-ADP ribosylation of T-cell surface proteins are also , and NZW (------) (ART2.2 null strain) females were activated by 2 mg/ ml anti-CD3 mAb overnight in the presence of the indicated concentrations of NAD in the medium, and CD25 expression was analysed on viable CD4 and CD8 T cells. The profound inhibition of CD25 expression seen in all 3 strains at 100 mmol/l NAD was associated with T-cell toxicity (more than 50 % propidium iodide non-excluding cells). Because various strains expressed different proportions of CD25 + T cells after stimulation in the absence of NAD, these values were taken as respective controls (100 %) and data are expressed as a relative inhibition. Data are representative of three separate experiments Fig. 7 . Inhibition of specific cytotoxicity by NAD. Freshly isolated splenocytes from NOD.AI4 abTg mice were co-cultured with dispersed and 51 Cr-labelled islet cells overnight with or without NAD. Per cent specific lysis was calculated. Data are means of two experiments done in triplicates. *p < 0.05 compared to 0 mmol/l NAD (Mann-Whitney two-tailed test) Fig. 8 . CD38 expressions on CD4 (upper panel), CD8 (middle panel) and CD19 (lower panel) spleen cells from adult (12±14 wk-old) NOD and NOR mice compared to three other non-related strains. Three males from each strain were used and data are means SE. *p < 0.05 vs NOD (Student two-tailed t test) down-regulated (by shedding from the cell surface) upon activation or are minor contributors to auto ADP-ribosylation reactions. The majority of T cells stained by 1G4 are ART2.2 + , whereas ART2.2 ± cells are unstained by 1G4 (Fig. 9F and I) , suggesting that ARTs preferably modify proteins on the same cell rather than on a neighboring ART-negative one.
Discussion
It has been hypothesized that ADP-ribosylation of cell surface molecules could be an important means for regulating T-cell functions and that this mechanism could contribute to down-regulating autoimmunity [l, 10, 22±24]. Our study describes the expression of the T-cell ecto-ADP-ribosyltransferase ART2.2 in the NOD/Lt mouse model of Type I diabetes. The pattern of ART2.2-expression in the natural history of Type I diabetes (i. e. in non-manipulated animals) is recapitulated in cyclophosphamide-induced acceleration of this disease.We found the following correlations between disease and the loss of ART2.2 in vivo (1) a delayed ontogeny of ART2.2 expression in the NOD/Lt mouse compared with control mouse strains (2) low ART2.2 expression by islet-infiltrating T cells, and (3) a systemic and lesional loss of ART2.2 after cyclophosphamide treatment (Figs. 4, 5) . Together, these findings support the hypothesis that ART2.2 could be a down-regulator of autoimmunity. They provide a valuable background prior to more aggressive strategies aimed at dissecting the role of this enzyme in Type I diabetes; for example the construction of ART2.2 transgenic and ART2.2 knockout animals.
Our results further show that the NOD/Lt model of Type I diabetes differs from the BB-DR rat model in several important respects. Among these differences are the markedly higher numbers of circulating T cells in NOD and their expression of Art2 gene products (formerly denoted as RT6) [25] . However, the delayed ontogeny of Art gene expression in NOD splenic T cells, previously shown as a reduced transcript abundance by northern analysis [11] , and confirmed in our study by flow cytometry using a monoclonal antibody, suggests that this NOD strain-specific characteristic could be one of the many factors rendering this mouse strain singularly susceptible to Type I diabetes. Our finding that CYP-accelerated development of Type I diabetes in NOD males essentially recapitulated the ontogenic pattern of initially reduced ART2.2 expression further suggests that T cells expressing ART2.2 are less pathogenic than those that do not. It should be noted that the developmental delay in ART2.2 expression on splenic T cells from young NOD donors at the peri-weaning period correlates with an NOD strain-specific early expression of IL-2 receptors on CD4 + T cells. It is during this time that the first T cells and their lymphokine transcripts are detected in pancreatic islets [26, 27] . Our finding that naive islet-reactive CTLs from spleens of NOD.AI4Tg mice had reduced killing potency when shown cognate antigen on islet cells in vitro in the presence of NAD, the ART2.2 substrate suggests that ART may not only mark a ªrestingº or naive phenotype but also participate in its maintenance. Diabetes-resistant BB-DR rats can be rendered diabetic after depleting ART2/RT6-positive T cells by mAb treatment followed by poly I:C treatment. In preliminary studies, we have failed to accelerate Type I diabetes in 4-week-old NOD/Lt mice using 2 doses of anti-ART2.2 (Nika 102) mAb. This mAb treatment produced a transient T-lymphopenia for about 20 days but Type I diabetes onset was neither accelerated or retarded. We did not combine this treatment with poly I:C administration as is required for Type I diabetes in non-T-lymphopenic rats [8] . In NOD mice, treatment of prediabetic mice with poly I:C alone suppresses diabetogenesis [28] , again highlighting certain essential differences in the rat and mouse models. Although another study using an in vitro model system suggested that CD38, another NAD metabolizing ectoenzyme, identified a regulatory CD4-positive T-cell subset [29] , our data showing high CD38 expression on freshly-isolated NOD T cells do not support this. We have previously shown that resting mouse T cells shed enzymatically-active ART2.2 antigen upon strong mitogenic activation, rendering them less responsive to auto-ADP ribosylation [12] . Reduced numbers of T-cell expressing surface ART2.2 (as we have observed early in NOD/Lt ontogeny and upon cyclosphosphamide treatment) therefore, might reflect increased shedding of ART2.2. This is of potential interest since the appearance of soluble ART2.2 protein or its activity could represent a useful predictive marker for disease development. Furthermore, shed ART2.2 conceivably could ADP-ribosylate further substrates such as inflammatory mediators or their receptors and thereby contribute to inflammation. Our efforts to quantify soluble ART2.2 or its enyzme activity, in serum for example, have been confounded by a series of factors, including lack of sensitive assay systems, an apparent short half life of ART2.2, and the presence of NADases.
Others have shown that ADP-ribosylation of CTL surface moieties down-regulates T-effector homing and killing functions [3, 10, 22, 30, 31] . The NZW/ B1nJ mouse does not express ART2.2 due to a mutation in the gene [6] . In this study, we have shown that NAD at a 1 mmol/l concentration had only a small suppressive effect on activation-induced CD25 expression on NZW/B1nJ T cells compared to ART2.2-competent NOD or B6 T cells. The toxic effect of increased NAD concentrations on T cells can be explained by ART-mediated auto-ADP-ribosylation of T-cell surface proteins. Conversely, resistance of isolated islet cells to the deleterious effects of this substance can be explained by their apparent lack of ART2-expression. The finding of a gradually increasing damaging effect of NAD on T cells further supports our suggestion that, in an insulitic infiltrate, those T cells still expressing ART2.2 are more likely to autoregulate themselves by ADP-ribosylation of critical signalling molecules on their surfaces than are activated, CD25-positive and ART2.2 negative T cells. A critical issue in this regard is whether sufficient quantities of NAD substrate becomes available to the ART2.2 ectoenzyme at the site of contact with targets. Nicotine adenine dinucleotide is a ubiquitous intracellular molecule involved in mitochondrial electron transport and maintainance of redox potential. Its depletion in beta cells by poly (ADP-ribose) polymerase, or PARP, is considered to be a beta-cytopathic event that can be blocked by nicotinamide [32] . Extracellular NAD concentrations normally fall within the nanomolar ± lower micromolar range, but could reach higher concentrations in foci of massive cell death [33] . We have observed that concentrations of NAD above 1 mmol/l will induce apoptosis in non-activated cultures of naive splenic T cells after a 30 min incubation. Although we have no evidence directly addressing this point, we presume that, in an insulitic lesion, local concentrations of extracellular NAD will increase as more beta cells are lysed.
However, ART is not the only NAD-metabolizing ectoenzyme on leukocytes at the site of inflammation. CD38 is expressed on the cell surfaces of a wide variety of cells, including B and T lymphocytes, NK cells, macrophages, [34] and even on islet cells [35] . It functions mainly as an NAD hydrolase with some ADP-ribosyl cyclase activity. Our data indicate that NOD/Lt and the related NOR/Lt strain express higher concentrations of CD38 on both T and B lymphocytes than do BKS, BALB/cByJ, or CBA/J mice. CD38 expression does not depend on the expression of ART2.2, since it is low in both ART2.2 high BKS and ART2.2 low CBA/J strains. On the contrary, ART2.2 enzymatic activity is modulated by competition for NAD substrate when B lymphocytes are present. Employing etheno-NAD substrate and the 1G4 mAb to allow detection of etheno-ADP-ribosylated targets on both NOD CD4-positive and CD8-positive T-cell subsets, we showed a markedly higher enzymatic activity when B lymphocytes were eliminated. These data provide evidence suggesting competition between ARTs and CD38 for their common NAD substrate. Because CD38, unlike ARTs, has been reported to be up-regulated upon activation [34] , its competition with ARTs for the substrate could be even more pronounced on activated than on resting T cells and thus further impair effective ADP-ribosylation, shifting the balance towards NAD hydrolysis [13] .
